Z Procesing "22

/BORNIK RADOVA

35. Medunarodni kongres
0 procesnoj industriji

Holiday Inn, Beograd

1-3. jun 2022.







ZBORNIK RADOVA

pisanih za 35. Medunarodni kongres o procesnoj industriji
PROCESING 22

SMEITS
=t

2022




ZBORNIK RADOVA
pisanih za 35. Medunarodni kongres o procesnoj industriji
PROCESING 22

Holiday Inn, Beograd

Izdavad
Savez masinskih i elektrotehnickih
inZenjera i tehnicara Srbije (SMEITS)
Drustvo za procesnu tehniku
Kneza Milo$a 7a/Il,
11000 Beograd

Predsednik Drustva za procesnu tehniku
pri SMEITS-u
prof. dr Aleksandar Jovovi¢, dipl. inz.

Urednici
Prof. dr Dusan Todorovi¢, dipl. inz.
Prof. dr Miroslav Stanojevi¢, dipl. inz.
Prof. dr Aleksandar Jovovi¢, dipl. inz.

Tiraz
150 primeraka

CD umnozava
Paragon, Beograd

ISBN
978-86-85535-12-3

Godina izdavanja
2022.

-~

< WL,

Drustvo za procesnu tehniku Katedra za procesnu tehniku Samit energetike Trebinje
pri SMEITS-u Masinskog fakulteta u Beograd Trebinje

CIP - Karanmoruszanuja y myOauKanuju
Haponna 6ubmmotexa Cpbuje, beorpaxg

621(082)(0.034.2)
66.01(082)(0.034.2)

MEBYHAPO/IHU konrpec o npouecuoj unayctpuju [IPOLUECUHI (35 ; 2022 ; beorpan)

Zbornik radova [pisanih za] 35. Medunarodni kongres o procesnoj industriji, PROCESING ‘22, 1-3. jun 2022, Beograd [Elek-
tronski izvor] / [organizator Savez masinskih i elektrotehnickih inzenjera i tehnicara Srbije (SMEITS), Drustvo za procesnu tehni-
ku] ; [urednici Dusan Todorovié, Miroslav Stanojevi¢, Aleksandar Jovovi¢]. - Beograd : Savez masSinskih i elektrotehnickih inZen-
jera i tehnicara Srbije (SMEITS), Drustvo za procesnu tehniku, 2022 (Beograd : Paragon). - 1 elektronski opti¢ki disk (CD-ROM) ;
12 cm

Sistemski zahtevi: Nisu navedeni. - Radovi na srp. i engl. jeziku. - Nasl. sa naslovne strane dokumenta. - Tiraz 150. - Bibliografija
uz svaki rad. - Abstracts.

ISBN 978-86-85535-12-3
a) MammmncTBo -- 300pHuny 0) [Ipouecna naxycTpuja -- 300pHULN
COBISS.SR-ID 78806281




Odrzavanje 35. Procesinga finansijski je pomoglo
Ministarstvo prosvete, nauke i tehnoloskog
razvoja Republike Srbije

Programski pokrovitelji

MASINSKI FAKULTET UNIVERZITETA U BEOGRADU, BEOGRAD
TEHNOLOSKO-METALURSKI FAKULTET UNIVERZITETA U BEOGRADU, BEOGRAD
FAKULTET TEHNICKIH NAUKA UNIVERZITETA U NOvOM SADU, NovI SAD
DEPARTMAN ZA ENERGETIKU I PROCESNU TEHNIKU FAKULTETA TEHNICKIH NAUKA
UNIVERZITETA U NovoM SADU, NOVI SAD

FAKULTET ORGANIZACIONIH NAUKA UNIVERZITETA U BEOGRADU, BEOGRAD

35. Procesing se odrzava uz podrsku

i‘ TIPHBPEHA
KOMOPA
“ CPBUJE

1857

Ministarstvo rudarstva i Privredna komora Srbije Inzenjerska komora Srbije
energetike Beograd Beograd
Republike Srbije
Sponzori
OVEX INZENJERINC
Indija 4 Beograd
Beograd - Beograd

auma prodajni i servisni centar

Beograd

Subotica Beograd

Wil o Beograd VODAVODA  \fionica

PRIRODNO INTELIGENTNA

Beograd

Ruma Beograd



MEDPUNARODNI NAUCNI ODBOR

Dr Ivan Bozié

Dr Mirko Dobrnjac
Dr Damir Pakovié
Dr Maja Doli¢

Dr Mladen Purié

Dr Srbislav Genié

Dr Milan Gojak

Dr Zvonimir Guzovié

Dr Jelena Janevski

Dr Rade Karamarkovi¢
Dr Nikola Karlici¢

Dr Mirjana Kijevcanin
Dr Miroslav Kljaji¢

Dr Atanas Kocov

Dr Dejan Krémar

Dr Cedo Lalovi¢

Dr Dorin Lelea

Dr Stefan Mandi¢-Rajcevic¢
Dr Ljiljana Medi¢-Peji¢

Dr Sanda Midzi¢-Kurtagi¢
Dr Sanja Milivojevi¢

Dr Dobrica Milovanovi¢

Dr Biljana Miljkovi¢
Dr Srdan Nesi¢

Dr Branislava Nikolovski
Dr Natasa Nord

Dr Marko Obradovi¢
Dr Natasa Petrovié

Dr Dejan Radi¢

Dr Ivona Radovié¢

Dr Niko Samec

Dr Dunja Sokolovi¢
Dr Mirjana Stameni¢
Dr Olivera Stamenkovi¢
Dr Dusan Todorovié¢
Dr Radoje Vujadinovi¢
Dr Igor Vusanovi¢

Dr Nikola Zivkovié

Univerzitet u Beogradu, Masinski fakultet, Beograd

Masinski fakultet Banja Luka, BiH

Univerzitet u Novom Sadu, Fakultet tehnickih nauka, Novi Sad
Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
Univerzitet u Beogradu, Fakultet organizacionih nauka, Beograd
Univerzitet u Beogradu, Masinski fakultet, Beograd

Univerzitet u Beogradu, Masinski fakultet, Beograd

Sveuciliste u Zagrebu, Fakultet strojarstva i brodogradnje,
Hrvatska

Univerzitet u Nisu, Masinski fakultet, Nis

Fakultet za masinstvo i gradevinarstvo, Kraljevo

Univerzitet u Beogradu, Masinski fakultet, Beograd

Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
Univerzitet u Novom Sadu, Fakultet tehnickih nauka, Novi Sad
Univerziteta Skopje, Masinski fakultet, Severna Makedonija
Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Novi
Sad

Akademija strukovnih studija Sumadija - Odsek Arandelovac
University Politehnica Timisoara, Rumunija

University of Milan, Italija

Universidad Politécnica de Madrid Madrid, Spanija

Univerzitet u Sarajevu, Masinski fakultet, Sarajevo, BiH
Univerzitet u Beogradu, Masinski fakultet, Beograd

Univerzitet u Kragujevcu, Fakultet inZenjerskih nauka,
Kragujevac

Univerzitet u Novom Sadu, Fakultet tehnickih nauka, Novi Sad
Ohio University, Russ College of Engineering and Technology,
Ohio, SAD

Univerzitet u Novom Sadu, Tehnoloski fakultet, Novi Sad
Norwegian University of Science and Technology, Trondheim,
Norveska

Univerzitet u Beogradu, Masinski fakultet, Beograd

Univerzitet u Beogradu, Fakultet organizacionih nauka, Beograd
Univerzitet u Beogradu, Masinski fakultet, Beograd

Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
Univerzitet u Mariboru, MasSinski fakultet, Slovenija

Univerzitet u Novom Sadu, Fakultet tehnickih nauka, Novi Sad
Univerzitet u Beogradu, Masinski fakultet, Beograd

Univerzitet u Nisu, Tehnoloski Fakultet, Leskovac

Univerzitet u Beogradu, Masinski fakultet, Beograd (predsednik)
Univerzitet Crne Gore, Masinski fakultet, Crna Gora

Univerzitet Crne Gore, Masinski fakultet, Crna Gora

Univerzitet u Beogradu, Institut za nuklearne nauke "Vinca”,
Laboratorija za termotehniku i energetiku, Beograd, Srbija



Dr Miroslav Stanojevi¢
Dr Aleksandar Petrovic
Dr Milos$ Ivosevi¢

Dr Gorica Ivanis

Jelena Joli¢

Dr Jelena Ruso

Dr Milica Karanac
Dr Marta Trninic

Branislav Todorovic¢
Milan Travica
Aleksandar Brankovic
Jelena Salevi¢

Vladan Galebovié

Prof. dr Bratislav Blagojevic¢
Prof. dr Vladimir Popovi¢
Prof. dr Petar Uskokovi¢
Prof. dr Milan Marti¢

Prof. dr Srdan Kolakovi¢
Prof. dr Martin Bogner
Prof. dr Goran Jankes

Prof. dr Snezana Pajovi¢

Marica Mijajlovi¢
Vladimir Milovanovi¢
Aleksandar Brankovié¢

Bratislav Sadzakovic¢
Dusan Durkovié

Jovanka Jovanovi¢

Bojan Sretenovic¢

Caba Kern

Mario Mrkonji¢-Detmers
Nemanja Tubic¢
Aleksandar Kleverni¢
Dejan Margetic¢

ORGANIZACIONI ODBOR

Masinski fakultet Univerziteta u Beogradu, Beograd (predsednik)
Masinski fakultet Univerziteta u Beogradu, Beograd

Masinski fakultet Univerziteta u Beogradu, Beograd
Tehnolosko-metalurski fakultet Univerziteta u Beogradu,
Beograd

Beo cista energija, Beograd

Fakultet organizacionih nauka Univerziteta u Beogradu, Beograd
Envico doo, Beograd

Akademija tehnickih strukovnih studija Beograd — Odsek
Beogradska politehnika, Beograd

Masinski fakultet Univerziteta u Beogradu, Beograd

Masinski fakultet Univerziteta u Beogradu, Beograd

SET Trebinje, Bosna i Hercegovina

SMEITS, Beograd

SMEITS, Beograd

POCASNI ODBOR

predsednik SMEITS-a

dekan Masinskog fakulteta Univerziteta u Beogradu

dekan Tehnolosko-metalursog fakulteta Univerziteta u Beogradu
dekan Fakulteta organizacionih nauka Univerziteta u Beogradu
dekan Fakulteta tehnickih nauka Univerziteta u Novom Sadu
Masinski fakultet Univerziteta u Beogradu

Masinski fakultet Univerziteta u Beogradu

Institut za nuklearne nauke "Vinéa" - Institut od nacionalnog
znacaja za Republiku Srbiju — Univerzitet u Beogradu
InZenjerska komora Srbije, Beograd

Beo cista energija, Beograd

SET Trebinje

GasTeh, Indija

Grundfos Srbija, Beograd

Robert Bosch, Beograd

Ovex inZenjering, Beograd

Cim Gas, Subotica

APIS Centar, Beograd

Wilo Beograd, Beograd

Vupis, Ruma

Vodavoda, Mionica

ORGANIZATOR

Savez masinskih i elektrotehnic¢kih
inZenjera i tehnicara Srbije (SMEITS),

Drustvo za procesnu tehniku

Kneza Miloga 7a/II, 11000 Beograd
Tel. +381 (0) 11 3230-041, +381 (0) 11 3031-696,

tel./faks +381 (0) 11 3231-372

E-mail: office@smeits.rs
web: www.smeits.rs






PREDGOVOR

Od preko 50 radova prijavljenih za ovogodisnji Procesing, za izlaganje je prihvaceno 47 radova autora iz
zemlje i inostranstva.

Zbornik celih radova ée u rezimu slobodnog pristupa biti objavljen na sajtu www.izdanja.smeits.rs. Kao
integralni dokument bice dostupan na sajtu www.smeits.rs

Medunarodni karakter Procesinga '22 i ove godine ostvaren je inostranim ucesnicima sa radovima, kao i
clanovima naucnog odbora. Zvanicni jezici za izlaganje radova na kongresu su srpski i engleski.

Osnovni ciljevi kongresa su inoviranje i prosirivanje znanja inZenjera u procesnoj industriji, energetici,
rudarstvu, komunalnom sektoru (vodovodima, toplanama) i podrska istraZivacima u predstavljanju
ostvarenih rezultata istrazivackih projekata.

Tematika Procesinga '22 obuhvata osnovne procesne operacije — mehanicke, hidromehanicke, toplotne,
difuzione, hemijske i biohemijske, kao i procesna postrojenja i opremu (aparate i masine).

Program Procesinga '22 obuhvata oblasti: procesne tehnologije; projektovanje, izgradnja, eksploatacija
i odrzavanje procesnih postrojenja; inZenjerstvo Zivotne sredine i odrzivi razvoj u procesnoj industriji;
energetska efikasnost u procesnoj industriji; procesi i postrojenja u pripremi i preciscavanju vode u
procesnoj industriji; modelovanje i optimizacija procesnih i termoenergetskih postrojenja; merenja i
upravljanje u procesnoj industriji; menadzment kvaliteta i standardizacija u organizacijama.

Osim izlaganja radova, program Procesinga '22 obuhvata i dva okrugla stola na sledece teme:

» Nova domaca zakonska regulativa u oblasti opreme pod pritiskom.
o Savremeni postupci termickog tretmana otpada. Iskustva u primeni biomase kao goriva.

Procesing '22 organizuje Drustvo za procesnu tehniku pri SMEITS-u, a u Naucnom i Organizacionom
odboru prisutni su predstavnici svih Masinskih fakulteta u Srbiji kao i Tehnoloskih i drugih fakulteta u
okviru kojih je oblast procesne tehnike zastupljena u nastavi.

Pomoc¢ u organizovanju Procesinga '22 dali su clanovi Katedre za procesnu tehniku Masinskog fakulteta
Univerziteta u Beogradu i mnogih drugih fakulteta iz Srbije.

Ovogodisnji skup zavrsava se posetom novom Centru za upravljanje otpadom u Vinci.

U Beogradu
juni 2022.
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ISPITIVANJE ANTIMIKROBNIH SVOJSTAVA NEKIH
BIDINELI-AZO PIRIDONSKIH BOJA

THE ANTIMICROBIAL EVALUATION OF SOME
BIGINELLI-BASED AZO PYRIDONE DYES
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Heterociklicna azo jedinjenja predstavljaju znacajnu klasnu organskih sintetskih boja. Pored
njihovih izuzetnih svojstava za bojenje, heterociklicna azo jedinjenja imaju i biolosku aktivnost.
Mnoge studije pokazuju da azo boje sa heterociklicnim fragmentima u strukturi mogu ispoljavati
antibakterijska, antifungalna, antivirusna, antiinflamatorna i antikancerogena svojstva. Rezistencija
mikroorganizama na postojece antimikrobne agense predstavlja jedan od najvecih problema u svet-
skom zdravstvu. Zbog toga je razvijanje novih molekula sa antimikrobnim svojstvima kako znacajno,
tako i neophodno za globalno ocuvanje zdravlja. U ovom radu, ispitivanje antimikrobne aktivnosti
dve Bidineli-azo piridonske boje je uradeno pomocu metode difuzije na agarnoj podlozi. Anti-
mikrobna svojstva su ispitana prema patogenim sojevima Staphylococcus aureus (Gram-pozitivna
bakterija), Escherichia coli (Gram-negativna bakterija) i Candida albicans (oportunisticki kvasac).
Preliminarni rezultati istraZivanja ukazali su na antimikrobni potencijal ispitivanih azo jedinjenja.

Kljucne reci: Candida albicans; dihidropirimidinon; hidrazon

The heterocyclic azo dyes represent significant synthetic organic colorants. In addition to their
exceptional coloration properties, heterocyclic azo compounds exhibit antibacterial, antifungal, an-
tiviral, antioxidant, anti-inflammatory and anticancer properties. The antimicrobial resistance is one
of the major problems for global public health. Therefore, finding new organic structures with anti-
microbial properties represents a challenging research field. In this study, antimicrobial screening
of two Biginelli-based azo pyridone dyes has been carried out. The antimicrobial activity of synthe-
tized dyes was studied against bacteria (Staphylococcus aureus, Escherichia coli) and yeast (Candida
albicans), using agar diffusion method. The preliminary research results indicate the antimicrobial
potential of the investigated compounds.

Key words: Candida Albicans; dihydropyrimidinone; hydrazone

1 Introduction

Nowadays, heterocyclic azo dyes have gained growing attention, considering their broad spec-
trum of applications in both traditional and high-tech industry [1]. Besides their excellent coloration
ability, it is no longer surprising that many heterocyclic azo compounds are ecologically acceptable,
and moreover, promising candidates for new antibacterial, antifungal, antiviral, anti-inflammatory
and anticancer agents [2]. On the other side, especial interest can be noted in synthesis of 3,4-dihy-
dropyrimidin-2-(1H)-ones (DHPM), i.e. products of Biginelli reaction, related to their pharmacolog-
ical and therapeutic properties [3]. Having in mind that microbial resistance to the medicaments, in
standard use, is becoming more prevalent, development of new antimicrobial agents represents chal-
lenging and significant research field [4].

In our previously published study, we have investigated anticancer and antioxidant properties
of some Biginelli-based azo pyridone compounds [5], and in this work we present the evaluation of
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their antimicrobial properties. Two azo compounds consisted of 2-pyridone and 3,4-dihydropyrim-
idin-2-(1H)-one pharmacophores have been synthesized starting from DHPM derivative, as diazo-
component, and two different 2-pyridones as coupling-components. The antimicrobial activity of
synthetized compounds was studied against Gram positive bacteria Staphylococcus aureus, Gram
negative bacteria Escherichia coli, and yeast Candida albicans, by the agar diffusion method.

2 Experimental

2.1 Synthesis

All chemicals were obtained from Merck, Fluka and Acros and were used without further pu-
rification. Overall synthesis of dyes 1 and 2 (Fig. 1) was presented in our published study [5]. In brief,
a (1 mmol) was dissolved in the diluted hydrochloric acid, then sodium nitrite (1.1 mmol) was dis-
solved in cold water and added dropwise to the DHPM-acid solution. The mixture was stirred in an
ice bath for 1 hour to obtain diazonium chloride (b). The corresponding 2-pyridone (c) (1 mmol) was
dissolved in an aqueous solution of potassium hydroxide (1 mmol) and then cooled to 0-5 °C. The
obtained diazonium chloride (b) was added dropwise to the corresponding pyridone solution. The
resulting reaction mixture was stirred for 3 hours and maintained at 0-5 °C. When the reaction was
completed the obtained azo dyes (1 and 2) were filtered, washed with water, air dried and recrystal-
lized from ethanol.

The spectroscopic data (FT-IR, NMR, ESI-MS, UV-Vis) for synthetized compounds are given
within our published work [5].

o
NH, N,*CI PN
R, 07 > ONH
CN PN
o HCI, NaNO,/H,0 o . /(I KOH/H,0 R, N"So
- — " NC N
HO” N0 NN
~o M e NH ' II H
A PN Ri 07 N o
N0 NS0 '
H H R1
a b c 1-2

1: Ry= H; R,= Ph
2: R4= Pr; R,= Me

Figure 1. The synthesis of Biginelli-based azo pyridone dyes 1 and 2

2.2 The antimicrobial assay

The antimicrobial activity of dyes 1 and 2 was tested by the agar diffusion method [6]. The
assay was performed using Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 and
Candida albicans ATCC 24433. In brief, TSB (Tryptic soy broth) and TSA (Tryptic soy agar) were
used to prepare the agar nutrient medium. Nutrient media were poured onto Petri dishes and incubated
for 24 hours at 30 °C. After incubation, 8 mm tubes were placed in Petri dishes, and a soft TOP agar
medium, inoculated with corresponding pathogen (2x105 CFU/ml, 200 pul of pathogen in 6 ml of TOP
agar), was added. Subsequently, tubes were removed to form 8 mm wells. 100 pl of each sample with
a concentration of 125 pg/ml of compounds 1 and 2, dissolved in DMSO, was introduced into the
wells. After incubation for 24 h at 37 °C, the size of inhibition zones was measured (in mm), regarding
the control well (neat DMSO).

3 Results and discussion

3.1 Structure of the investigated dyes

The synthesized pyridone dyes 1 and 2, contain hydroxy group in the pyridone moiety, in the
ortho- position to the azo bond, which enables intramolecular proton transfer, and thus the existence
of azo and hydrazone tautomeric forms (Fig. 2) [5].
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Figure 2. Azo and hydrazone tautomeric forms

The ATR-FTIR and NMR spectra of investigated dyes suggest the existence of the hydrazone
tautomeric form in the solid state, as well as, in the DMSO-ds solution [5]. The stretching vibrations
of the carbonyl groups appear in the ATR-FTIR spectra in the region of 1709-1651 cm*. The N-H
stretching vibrations of the hydrazone group appear in the region of 3221-3210 cm™. Additional
confirmation of the presence of the hydrazone form is intensive band appearing in the region of 1514—
1505 cm™* which is ascribed to mutual stretching of C=N and bending of N-H vibrations. The H
NMR spectra of dyes 1 and 2, obtained in DMSO-dg solution, contain the signal of the hydrazone N—
H group in the range of 14.62-14.60 ppm [5].

Since that hydrazone derivatives display a wide variety of biological activities, i.e., antibacte-
rial, antifungal, anticancer and anti-inflammatory actions [7], the antimicrobial properties of the syn-
thesized hydrazones have been studied.

3.2 The evaluation of antimicrobial activity

In order to evaluate the antimicrobial activity of compounds 1 and 2, an antimicrobial assay
was performed by the agar diffusion method, as previously described. The antimicrobial properties
were tested against Staphylococcus aureus, Escherichia coli and Candida albicans. Table 1 shows
the obtained results, i.e., the diameter of the inhibition zones, regarding the control sample (neat
DMSO).

Table 1. Antimicrobial activity of dyes 1 and 2

Sample Staphylococcus aureus Escherichia coli Candida albicans

Inhibition zone [mm]
1 11 - -
2 - - 10

DMSO - - -

The presented results indicate that compound 1 exhibits antibacterial properties against Staph-
ylococcus aureus, while compound 2 causes the growth inhibition of yeast Candida albicans. How-
ever, Escherichia coli was resistant to the action of the tested compounds.

4 Conclusion

In this work, the antimicrobial properties of two Biginelli-based azo pyridone dyes were inves-
tigated to discover new antimicrobial agents. The spectroscopic data, published in our previous study,
confirmed that synthetized dyes 1 and 2 exist in hydrazone tautomeric form, in solid state, as well as
in DMSO-ds solution. The conducted antimicrobial assay evinced that studied Biginelli-based dyes
have promising antimicrobial properties against Staphylococcus aureus and Candida albicans. These
results represent a good starting point for further development of new antimicrobial Biginelli-based
azo pyridone compounds.
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